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The problem of forced magnetic reconnection in a resistive plasma is of fundamental

interest for numerous laboratory and space plasma applications. Asymptotic solutions of

a model of forced reconnection, originally proposed by J.B. Taylor, have been discussed in

Refs. [1-3]. In a recent paper [4], Ishizawa and Tokuda (hereafter, IT) claim that previous

analyses [1-3] of the Taylor problem are wrong and provide an “improved boundary layer

analysis” that demonstrates a new reconnection process. Unfortunately, as we show below,

IT’s analysis is not an improvement on previous analyses. Instead, it introduces new errors

in an old problem that has been solved by boundary-layer analyses [1-3] and tested by

numerical simulations [1,2,5].

Before we discuss IT’s analysis in more detail, we point out that it is based entirely on

linear theory. Although nonlinear effects are very important and have been considered in

Refs. [1-3], they are not discussed by IT. IT appears to show little cognizance that the Sweet-

Parker time scale in Ref. [3] is primarily a result of nonlinear theory. Furthermore, it is a

non-constant-ψ theory, not a constant-ψ theory as claimed by IT. As discussed in Refs. [1-3],

it turns out that the Sweet-Parker time scale also appears in a linear non-constant-ψ theory.
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Since IT are concerned only with linear theory, the scope of this Comment will be limited

to linear theory.

By definition, reconnected flux is a quantity which at finite amplitude is associated with

a change in topology of magnetic flux surfaces. IT talk, in a rather confused manner, about

an “outer reconnected flux” and an “inner reconnected flux.” It is quite simple to see that

IT’s so-called “outer reconnected flux” is not a reconnected flux at all. Let us consider the

expression (29) for the “outer reconnected flux” given by IT and set the resistivity η to

zero. (We are considering here the case η = 0, not the singular limit η → 0.) This special

case describes an ideal plasma and hence, the reconnected flux must be zero. Thus IT’s

interpretation of expression (29) as a reconnected flux makes no physical sense. In fact, this

flux is related to the plasma displacement at the edge of the inner region. Only the “inner

reconnected flux” can meaningfully be identified as a reconnected flux.

There are other ways to see the unphysical nature of IT’s analytical solutions. If the

boundary perturbation is imposed suddenly, equation (B2) of IT predicts that the recon-

nected flux at the neutral line, located at x = 0, increases instantaneously to its peak value.

This cannot be correct because the (poloidal) Alfvén speed is finite and controls the fastest

time scale on which a perturbation imposed at the boundary can communicate its effect to

any point within the plasma. (The Alfvén speed actually tends to zero as we approach the

neutral line, and this slows down the speed of penetration of the boundary perturbation as

it approaches the neutral line.) The correct asymptotic solution given by Hahm and Kul-

srud [1] shows that the reconnected flux increases algebraically in time on the Sweet-Parker

time scale (τAτH)1/2 for t � τ
2/3
A τ

1/3
R . Numerical solutions of the relevant fluid equations,

presented in Refs. 2 and 5, confirm this analytical prediction. IT repeatedly state that Hahm

and Kulsrud implicitly use constant-ψ matching in their analysis of linear non-constant-ψ

reconnection regimes. In our opinion, this claim is completely unfounded.

In a theory, such as IT’s, which intends to make statements regarding the rate of recon-

nection immediately after the application of the external perturbation, it is vitally important

to include the effect of inertia in both the inner and outer regions. It is simply inconsistent
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for IT to include inertia in the inner region, but neglect it in the outer region. In addition

to this inconsistency, we suggest that there is a crucial technical error in their inner layer

solution, presented in Sec. IIB of their paper. This error lies in the treatment of bound-

ary conditions at the outer limit of the inner layer. IT impose boundary conditions that

correspond to the ideal kink mode, not forced reconnection. We explain below.

IT’s so-called exact solution (13) is not a general solution of the differential equation (11)

but a special solution that satisfies the asymptotic condition χ(x̂→ ±∞) = χ∞ = constant,

where x̂ = x/(εa) and ε = [τA/(τRka)]
1/3. We now show that this asymptotic condition cor-

responds to that of the ideal m = 1 kink in the outer region. The radial plasma displacement

caused by the m = 1 kink can be written [6]

ξ(x < 0) = ξ0 ≡ ξ∞ = constant, ξ(x > 0) = 0. (1)

Following Ara et al. [6], we define the function ξodd(x) = ξ − (1/2)ξ∞ so that

ξodd(x < 0) =
1

2
ξ∞, ξodd(x > 0) = −1

2
ξ∞, (2a)

and

dξodd

dx
= 0, (x �= 0). (2b)

Hence, the asymptotic boundary conditions for the inner layer solution that includes the

effect of inertia and matches on to the kink solution at its outer limit are

ξin
odd(x̂→ −∞) =

1

2
ξ∞, ξin

odd(x̂→ +∞) = −1

2
ξ∞, (3a)

and

dξin
odd

dx̂

∣∣∣∣
x̂→±∞

= 0. (3b)

Taking the Laplace transform of the equation −kϕ1 = ∂ξ/∂t and using the inner layer

variables defined by IT, we obtain

ϕ̃in = −εŝ
a
ξ̂odd
in . (4)

Using Eqs (3b) and (4), it follows from Eq. (12) of IT that
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χ̂(x̂→ ±∞) = ŝ
dφ̃in

dx̂

∣∣∣∣
x̂→±∞

+ χ∞ = χ∞, (5)

which is exactly the boundary condition imposed by IT.

The correct outer region solution for forced reconnection can be obtained from the ideal

MHD similarity solution given by Eq. (21) of Ref. 1:

ξout =
2

π

B0kδ

sinh ka

∫ kxt/τA

0
du

sinu

u
, (6)

which implies that

ξout(x→ ±0) = 0,
dξout

dx

∣∣∣∣
x→±∞

=
2

π

B0k
2δt

τA sinh ka
�= 0. (7)

Hence, the correct asymptotic boundary condition for the outer limit of the inner layer

solution is

ξin(x→ ±∞) = 0,
dϕ̃in

dx̂

∣∣∣∣
x̂→±∞

=
2

π

εB0k
2δt

τA sinh ka
�= 0. (8)

Taking the Laplace transform of Eq. (8) and using Eq. (4), we obtain

ϕ̃in(x̂→ ±∞) = 0 = −ŝ dϕ̃in

dx̂

∣∣∣∣
x̂→±∞

+ χ∞ =
2

π

B0δτA
ŝ3ε2a sinh ka

+ χ∞ �= χ∞. (9)

Hence, by Eq. (12) of IT, it follows that

χ(x̂→ ±∞) = −ŝ dϕ̃in

dx̂

∣∣∣∣
x̂→±∞

+ χ∞ =
2

π

B0δτA
ŝ2ε2a sinh ka

+ χ∞ �= χ∞. (10)

We have thus shown that the exact solution (13) of IT violates the boundary conditions

appropriate for forced reconnection.

We repeat for emphasis that the linear non-constant-ψ theory discussed in Refs. [1-3] has

been tested and verified numerically [2,5]. We urge IT to subject their analytical solutions

to a similar test and look forward to the outcome.
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